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Abstract 
Productivity is today one of the most important aspects of a business, the productivity concept not only implies higher profits, but 
use their resources efficiently, based on the purpose or goal of the organization. One of the most important resources is the 
human resource, which is why when talking about productivity, it is vital to consider the environment or workspace in which the 
operators perform. Ergonomics talk is talk of a tool for increasing productivity, as this, to bring the physical conditions of the 
work area, allows workers feel more comfortable and the risk is diminished by poor posture, resulting an increase in production 
since the worker gets healthier and safer working conditions. In the northern state of Veracruz, Mexico, is located a company 
Ironmonger industry and construction, which has about 376 people. It has been found that operators do not have the area right 
job, so a study was done through the RULA (Rapid Upper Limb Assessment) method for the assessment of risk by maintaining 
inadequate by the poor design of workspace views. The Rula method provides a useful tool for evaluating working postures that 
may create a risk tool, however when you have a large number of workers, this process becomes tedious. Fuzzy Logic is an 
extension of traditional logic, but uses similar concepts belonging to the human way of thinking, the concept of fuzzy logic was 
introduced by LA Zadeh in 1965, who described that Fuzzy logic does not use exact values as 1 or 0 but if you use values 
between 0 and 1 (inclusive) that may indicate intermediate values. The use of fuzzy logic in this case study aims to minimize the 
valuation work for every operator with Rula method, indicating, through fuzzy sets, the levels of risk that may arise in 
representative areas of the Hardware Store in where work is carried out with similar positions, regardless of the area from which 
it comes. Allowing this, assign values to assess accurately if no or a risk index. 
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1. Introduction 
The design and maintenance of a suitable work environment is one of the objectives of Ergonomics and real 
demand from companies all want their workplaces are promoters of productivity and quality; for this, it needs a 
correct relationship between environmental factors (lighting, noise, temperature), developed effort, postures, 
repetitiveness and tools [1]. 
Currently, human resources and the cost of labor have greater impact on organizations, so it is important to 
facilitate work and make workers more productive. 
To increase productivity companies must adapt ergonomic practices considering the anthropometric 
measurements of each worker, particularly in regard to workstations, the choice of equipment and working methods, 
forward or decrease the monotonous routine activities, optimization of space and preserving the health of workers 
and reduce injuries for work in inadequate conditions or maintaining poor posture. 
In Mexico, the worker, according to the stipulations of the Federal Labor Law (LFT) must labor a daily 8-hour 
day; ie one third of the day was spent on labor force takes place, it affects their quality of life, which according to 
the World Health Organization (WHO) is defined as the perception of the individual's life situation, within the 
cultural context and values on which lives in relation to their goals, expectations and interests. 
In Mexico only three out of 10 companies have ideal working conditions, poor environmental conditions harm 
60% return on an employee, according to the IMThe Rula method was developed by McAtamney and Corlett 
doctors at the University of Nottingham in 1993 (Institute for Occupational Ergonomics) to evaluate worker 
exposure to risk factors that can cause disorders in the upper limbs of the body, postures, repeatability movements, 
applied forces, static activity of the musculoskeletal system [2]. 
2. Background 
Within organization dynamics, the decision-making process often relies on experts to make a complex decision 
or solve a problem, thus, their knowledge and experience is used. It can be identified three computer-based systems 
suited for problem solving analysis [3]: Expert Systems, Decision Support Systems, and Integrated Systems. 
Musculoskeletal disorders are among the most important problems of occupational health and absenteeism in the 
United States and Latin American countries; generate significant economic consequences to workers, business, 
health institutions and gross domestic product. The musculoskeletal disorders are derived from muscle overload in 
the work place by postures, repetitive movements with strength and intensity, frequency and duration; it is relevant 
to identify them to generate actions to prevent the consequences mentioned [4]. 
Regarding ergonomic modeling, translating linguistic descriptions resulting from human observers to 
mathematical assumptions can be done through fuzzy modeling [5]. 
Taking into account ergonomic evaluation, the advantages of the fuzzy evaluation mechanism are [7]: 
 
x The mechanism is appropriate for use in case of mixture of quantitate and qualitative criteria; 
x It does not required statistical sample. The evaluation of only one variant is permitted too;  
x All the measurements values  of some single criteria can be missing; 
x The mechanism does not require independence between ergonomic criteria; 
x It uses the natural hierarchy of the ergonomic evaluation criteria. 
 
Fuzzy logic has also applied to layout planning and ergonomic design. A fuzzy simulation-fuzzy analytic 
hierarchy process-fuzzy data envelopment analysis algorithm is proposed by [8] to solve a particular case of facility 
layout design in connection with safety and ergonomics indicators such as flexibility, safety, ergonomics, 
maintenance and accessibility in order to performance of a manufacturing system. 
A fuzzy multi-attribute axiomatic design approaches for selection of the most ergonomic electronic consumer 
product is introduced by [9] and the implementation process is represented by mobile phone selection as a real world 
example. Furthermore, the proposed methodology is based on fuzzy multi attribute decision making and fuzzy 
axiomatic design realized in three steps; determination of ergonomic attributes for electronic consumer products, 
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determination of a representative set of alternatives and selection of the best alternative in terms of ergonomic 
design by utilizing fuzzy axiomatic design. 
A fuzzy expert system that Supports workstation ergonomic analysis and provides advice on corrective measures 
aimed at improving the overall quality of the ergonomic design based on knowledge engineering activities in the 
development of a work-related musculoskeletal disorder module [10]. Moreover, the modular design of the fuzzy 
expert system resulted in a multilevel tree fuzzy relation between attributes that are used to evaluate the level of 
severity of the relevant risk factors that are present at a workstation. 
In [11] it can be found a review of patents according to the US Patent Office and of the European Patent Office 
related with workstation ergonomic risk assessment to work-related musculoskeletal disorders risk factors since 
1999.  The analysis concludes that there is a clear trend to use automatic data collection devices, instead of manual 
devices and regarding the type of ergonomic risk assessment used by the proposed systems, there is a clear trend to 
adopt computer-based approaches instead of calling for the evaluation by experts with evidence of the increasing 
pursuit of intelligent systems that can be used by layman to solve problems, reducing the need to access experts, 
thus reducing costs and increasing the availability of the knowledge and advice on how to reduce the incidence of 
work-related musculoskeletal disorders. 
3. Methodology 
Ergonomic evaluation is performed by this RULA (Rapid Upper Lim Asseement) to evaluate the upper body 
(neck, arms, forearms, wrists and legs) of workers during the packing process. 
 
Table 1. Anthropometrics Data Packaging Area. 
Worker 1 2 3 4 5 6 
Age 40 49 31 18 20 44 
Gender F M M M M M 
Height (cm) 155 165 163 163 171 145 
Eye heigth 142 153 155 155 155 138 
Shoulder heigth 127 133 134 134 140 128 
Elbow-foot length 95 104 105 105 109 94 
Arm length 152 170 175 177 176 148 
Forearm length 34 27 44 35 32 27 
Popliteal Height  44 44 50 49 51 * 
Buttock popliteal height 29 30 32 31 32 * 
Weight (kg) 70 60 65 55 70 63.5 
 
The method of application of the method is as follows (Polytechnic University of Valencia): 
 
x Determine cycle times and observe the worker for several of these cycles 
x Select the bids will be evaluated 
x Determining, for each position, if the left and right side or be evaluated (in case of doubt both will be assessed) 
x Determine the scores for each body part 
x Get the final score of the method and Performance Level to determine the risk stocks 
x Check the scores of the different body parts to determine where you need to apply corrections 
x Redesigning the post or changes to improve posture if necessary 
x If you have made changes, reassess the position with RULA method to check the effectiveness of the 
improvement.  
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a)                                            b) 
 
Fig. 1. (a) Arm Measure; (b) Forearm measure. 
Table 2. Evaluation Group A.  
Arm  Forearm Wrist twist 
1 2 3 4 
1 2 1 2 1 2 1 2 
1 1 1 2 2 2 2 3 3 3 
2 2 2 2 2 3 3 3 3 
3 2 3 3 3 3 3 4 4 
2 1 2 3 3 3 3 4 4 4 
2 3 3 3 3 3 4 4 4 
3 3 4 4 4 4 4 5 5 
3 1 3 3 4 4 4 4 5 5 
2 3 4 4 4 4 4 5 5 
3 4 4 4 4 4 5 5 5 
4 1 4 4 4 4 4 5 5 5 
2 4 4 4 4 4 5 5 5 
3 4 4 4 5 5 5 6 6 
5 1 5 5 5 5 5 6 6 7 
2 5 6 6 6 6 7 7 7 
3 6 6 6 7 7 7 7 8 
6 1 7 7 7 7 7 8 8 9 
2 8 8 8 8 8 9 9 9 
3 9 9 9 9 9 9 9 9 
 
After the evaluation of the points is done through the tables by assigning each group corresponding numbering. 
4. Results 
By using fuzzy sets for the different positions of the work areas evaluated Rula. 
4.1. Fuzzy model and app 
A fuzzy risk assessment model of the work area is proposed. The model is divided into three parts (Figure 2), the 
first part evaluated the upper limbs, lower limbs second and third assessment performs an integral evaluation whit 
previous assessments and muscle activity and force developed. The result obtained is the level of risk, that is, a 
value between 1 and 4. 
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Fig. 2. Fuzzy Logic Evaluation Model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Fuzzy sets of arm, forearm and wrist and output A. 
4.2. Highest Limbs Fuzzy Evaluation 
The different parts of the body are evaluated in terms of Good, regular or bad, depending on the risk level of each 
part. Highest Limbs Fuzzy Evaluation gives a number between 1 and 8. This number can be interpreted as the 
highest limbs risk level. The higher the number, the higher risk level is. In Figure 3, fuzzy sets of arm, forearm and 
wrist are showed. 
The highest limbs evaluation rules are: 
 
x IF Arm(Good) AND Forearm(Good)  AND Wrist(Good) THEN Output A(1) 
x IF Arm(Good) AND Forearm(Good)  AND Wrist(Regular) THEN Output A(2) 
x IF Arm(Good) AND Forearm(Good)  AND Wrist(Bad) THEN Output A(3) 
x IF Arm(Good) AND Forearm(Bad)  AND Wrist(Good) THEN Output A(4) 
x IF (Arm(Good) OR Arm(Regular)) AND (Wrist(Good) OR Wrist(Regular)) THEN Output A(5) 
x IF Arm(Bad) AND Forearm(Good)  AND (Wrist(Good) OR Wrist(Regular)) THEN Output A(6) 
x IF Arm(Bad) AND Forearm(Regular)  AND (Wrist(Regular) OR Wrist(Bad)) THEN Output A(7) 
x IF Arm(Bad) AND Forearm(Bad)  THEN Output A(8) 
 
  
Highest Limbs 
Fuzzy Evaluation 
Lower Limbs 
Fuzzy Evaluation 
Integral 
evaluation 
Risk level 
Bad Good 
Regular 
Arm 
Bad Good 
Regular 
Forearm 
Bad Good 
Regular 
Wrist 
1 2 3 4 5 6 7 8 
Output A 
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Fig. 4. Fuzzy sets neck, trunk, legs and output B. 
4.3. Lower Limbs Fuzzy Evaluation. 
Lower Limbs Fuzzy Evaluation gives a number between 1 and 7. This number can be interpreted as the lower 
limbs risk level. The higher the number, the higher risk level is. In Figure 4, fuzzy sets neck, trunk, legs and output 
B are showed. 
The Lower limbs evaluation rules are: 
 
x IF Neck(Good) AND Trunk(Good) AND Leg(Good) THEN Output B(1) 
x IF Neck(Good) AND Trunk(Good) AND Leg(Bad) THEN Output B(2) 
x IF Neck(Good) AND Trunk(Regular) AND Leg(Good) THEN Output B(3) 
x IF Neck(Good) AND Trunk(Good) THEN Output B(4) 
x IF Neck(Good) AND Trunk(Regular) AND Leg(Bad) THEN Output B(5) 
x IF Neck(Good) AND Trunk(Bad) AND Leg(Bad) THEN Output B(6) 
x IF (Neck(Regular) AND Trunk(Bad)) OR Neck(Bad) THEN Output B(7) 
 
For integral evaluation is necessary muscle activity and developed strength and output fuzzy sets of the 
evaluation of upper and lower limbs (Output A, Output B). The rules for the final integral evaluation are: 
 
x IF (Output_A(1) OR Output_A(2)) AND (Output_B(1)  OR Output_B(2)) THEN RiskLevel(1) 
x IF (Output_A(1) OR Output_A(2) OR Output_A(3) OR Output_A(4)) AND (Output_B(3)  OR Output_B(4)) 
THEN RiskLevel(1) 
x IF (Output_A(1) OR Output_A(2) OR Output_A(3) OR Output_A(4)) AND (Output_B(6)  OR Output_B(7)) 
THEN RiskLevel(1) 
x IF (Output_A(5) OR Output_A(6) OR Output_A(7) OR Output_A(8)) AND (Output_B(6)  OR Output_B(7)) 
THEN RiskLevel(1) 
 
Bad Good 
Regular 
Neck 
Bad Good 
Regular 
Trunk 
Bad Good 
Leg 
1 2 3 4 5 6 7 
Output B 
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Fig. 5. Screenshot of the application on Android. 
The proposed model was tested using a software tool developed for the Android Operating System. In Figure 5 
some screenshots of the software tool is showed. 
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